The aim of the present study was to evaluate the usefulness of the Thoracic Morbidity and Mortality (TMM) scoring system in auditing the quality of care of our unit.
INTRODUCTION
In recent decades, many healthcare providers have adopted a system of total quality management in order to ensure a continuous improvement in clinical and administrative results [1, 2] . In this context, auditing the clinical performance is one of the most important aspects, which allows planning strategies apt at improving future clinical outcomes [3, 4] . In our specialty, postoperative morbidity and mortality rates are the clinical outcome indicators traditionally considered to analyse and monitor the quality of care. Nevertheless, the use of un-weighted indicators of performance (i.e. complications) could lead to an inaccurate analysis of results. Recently, the Thoracic Morbidity and Mortality (TMM) system has been proposed as a method of reclassifying the postoperative adverse events, taking into account the effort needed for their treatment [5, 6] . Using this method, each postoperative complication is defined by setting its specific grade: this allows an objective classification and weighting of the postoperative adverse events.
The aim of the present study was to evaluate the usefulness of the TMM grading system in auditing the quality of care of our unit.
MATERIALS AND METHODS
We included in the present study 1250 patients consecutively submitted to anatomic lung resections at our institution from January 2000 to August 2012. This is a retrospective study performed on data prospectively collected in an electronic, quality-controlled clinical database. The study was approved by the local Institutional Review Board. Informed consent was obtained from all patients to use their personal information and data for clinical and scientific purposes.
During the entire period, the same group of surgeons performed all pulmonary resections following a planned and shared surgical approach. The postoperative period was managed according to pathways of care for uneventful or complicated course.
The entire population was arbitrarily divided into two different groups, in order to compare the performance of our unit: early period group of 1042 patients ( January 2000 to December 2009) and recent period group of 218 patients ( January 2010 to August 2012).
Postoperative adverse events classification
The complications occurring after each surgical procedure were prospectively collected within the electronic institutional registry. For the purposes of this study, we graded the postoperative complications following the TMM system [5] . This is a method for classifying the postoperative adverse events in relation to the effort necessary to treat them. Each complication is graded, irrespective of its nature, with a value ranging from 1 to 5, reflecting an increasing severity and complexity of management. Table 1 shows the definition of complications as proposed by the TMM system. Those complications with a grade higher than two were considered 'major postoperative complications'. This method allows normalization of the postoperative adverse events, offering a standardized and more comparable way of analysing post-surgical outcomes.
Two different surgeons revised independently the postoperative course of all the patients, as reported within the database or in the clinical on paper documents and recodified the complications according to the TMM system. For those patients experiencing more than one complication, we assigned a grade only to the most severe one, as already proposed by Seely et al. [5] . Discrepancies among reviewers were solved by discussion and consensus.
Statistical analysis
In order to minimize selection bias, we performed a propensity score matching [7] that allowed coupling those patients operated on the recent period to the ones treated earlier. The following baseline and surgical characteristics were used to build the propensity score using logistic regression analysis and match the patients: age, body mass index (BMI), gender, type of operation, forced expiratory volume in 1 s % (FEV1%), diffusing capacity of the lung for carbon monoxide (DLCO), forced expiratory volume in 1 s on forced vital capacity ratio (FEV1), coronary artery disease and Eastern Cooperative Oncology Group Performance Status score (ECOG score).
The two groups of propensity-score-matched patients were then compared in terms of cardiopulmonary postoperative complication rate (ESTS traditional definition) and major/high-grade postoperative complication rate (TMM grading system). Numeric variables with normal distribution were compared by means of the paired Student's t test, and those with non-normal distribution (assessed by the Shapiro-Wilk normality test were compared by using the Wilcoxon matched-paired signed-rank test). Categorical variables were compared by the χ 2 test or Fisher's exact test when the number of cases was <10 in a cell of 2 × 2 comparison. A curve was finally generated by plotting the duration of chest tubes of the two matched groups, with the patients ordered by date of operation. All tests were two-tailed with a significance level of 0.05.
Statistics was performed on the Stata 9.0 software (StataCorp, College Station, TX, USA). Table 2 describes the baseline and operative characteristics of the two unmatched groups of patients. During the early period, we operated on a higher proportion of male patients (79% early vs 70% recent), with a triple rate of pneumonectomies (12.8% early vs 3.7% recent). While the ECOG score was higher in the early group (0.8 early vs 0.6 recent), the recent patients had a greater incidence of coronary artery disease (12.5% early vs 16% recent).
RESULTS
The propensity score matching procedure yielded 209 wellmatched pairs of patients operated on during the two different periods. The characteristics of the two groups of patients are reported in Table 3 . The matching procedure eliminated all the confounders with the exception of the incidence of coronary artery disease, which remained higher in the recent group (6.6% early vs 17% recent). Table 4 shows the ESTS-defined cardiopulmonary complication distribution and the proportion of the major TMM-graded postoperative adverse events between the two groups after the matching. 
THORACIC
Both groups had similar rates of ESTS postoperative complications (early group: 37 patients vs recent group: 38 patients, P = 0.9), and mortality.
On the other hand, according to the TMM definition, patients in the most recent group experienced a higher proportion of major grade complications (recent group: 29 patients vs early group: 14 patients, P = 0.02).
DISCUSSION

Main finding
We applied the TMM system for reclassifying the postoperative adverse events previously registered in our institutional prospectively collected database. This led to obtain a parameter to further evaluate the performance of our unit. Indeed using the TMM classification, we found a decline of performance comparing two matched groups of patients submitted to major lung resection in different periods, otherwise missed considering only traditional quality of care indicators, such as morbidity and mortality rate.
Context
As stated in 2001 by the European Association of Cardio-Thoracic Surgery (EACTS)/ESTS Working Group on Structures in Thoracic
Surgery, ' … Quality surveillance has to be performed in every general thoracic surgery unit [8] . There must be a computerized documentation of all procedures performed together with a documentation of all major adverse events. Results should be analysed on a regular basis … '. In line with this recommendation, since 1991, we maintained a prospectively collected electronic database, reporting data about baseline, operative and postoperative characteristics of each patients submitted to lung resection in our institution. Considering the outcomes after surgical therapy, the postoperative adverse events were traditionally codified and registered in accordance with the ESTS definitions for cardiopulmonary postoperative complications [9] .
In 2001, Seely et al. [5] proposed the TMM system as an instrument for classifying and grading the complications after thoracic surgery, overcoming the limitations associated with the use of raw definitions [10] . This method allows normalization of the postoperative adverse events, by offering a standardized and more comparable way of analysing post-surgical outcomes [5, 6, 11] . We applied this method for retrospectively recoding the complications registered in our dataset with the purpose of improving the internal audit process.
Limitations
(i) Due to the retrospective nature of this study, it was difficult to assign an accurate TMM grade for some type of complications. In particular, a complex process was necessary to identify and code the treatment for those postoperative adverse events associated with a minimal deviation from the standard postoperative course or just a pharmacological therapy. (ii) The TMM classification system reflects the effort made to treat a complication. This could lead to both a down-or upgrading of the same type of a postoperative adverse event, which may depend to some extent upon the type of protocol used to treat it. Although the postoperative treatment was always standardized and shared among the surgeons of our unit, formal and specific pathways of care were implemented only since January 2008. (iii) In order to reduce the possible bias of different baseline characteristics among the two groups, given the retrospective nature of the study, we performed a propensity score matching. Nevertheless, although this is the best method for eliminating confounders for the sampled groups, some baseline parameters may remain different [7] , as the coronary artery disease rate in the present analysis.
Clinical inferences
Morbidity rate is traditionally one of the most frequently used indicators to assess the quality of care [12, 13] . Nevertheless, even if strictly defined, the same adverse event developed after surgery could have a largely different impact both on the patient postoperative course and on the effort of cure by the healthcare provider. The present analysis highlights the importance of adopting a recently proposed method for classifying the postoperative complications that weight and normalize the adverse events independently of their nature [5, 6, 11] . Each complication can be recodified using the TMM system, which assigns a grade corresponding to the effort to treat it. It is well known that the quality of care is an elusive concept to define. Like intelligence or musical ability, we need complex metrics [14] to evaluate it in its entirety. Structure, process and outcome indicators should all be taken into account to globally assess provider performance [2, 15] . In this regard, the use of the TMM grading system may represent an additional endpoint capable of capturing a different aspect of the performance. This has been shown in our population, in which TMM, at variance with un-weighted morbidity rate, revealed a different incidence of major complications between the two periods of activity.
Whether this difference should be interpreted as a sign of underperformance in the most recent period remains a matter of discussion and it requires a more in-depth analysis of our activity.
Recommendation
In conclusion, reclassifying the postoperative complication adopting the TMM system provides a further indicator, which was able to detect differences in the outcomes of patients operated on in two different periods of activity of our unit. This tool can be used as an additional endpoint to refine internal audits of performance.
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